Phytochemical investigation of the galls of Pistacia integerrima Stewart (Pistaceaceae) yielded three new phytoconstituents characterized as n-decan-3 0 -ol-yl-n-eicosanoate, n-octadecan-9,11-diol-7-one and 3-oxo-9b-lanost-1,20(22)-dien-26-oic acid along with the known compound b-sitosterol. The structures of these phytoconstituents have been elucidated on the basis of spectral data analysis and chemical reactions.
Introduction
Pistacia integerrima Stewart (Pistaceaceae), commonly known as kakra shingi, is a moderate-sized deciduous tree, up to 18 m in height, with a short stout bole found in the Himalayas from Indus to Kumaon (Anonymous, 1998) . Hard, hornshaped, rugose, hollow galls like excrescences are formed on the leaves and petioles of the plant by an insect of Pemphigus species (Chopra et al., 1982) . Dry powdered galls have a very astringent and slightly bitter taste and terebinthine odour. The galls are aromatic, astringent and expectorant and are valued in Indian Medicine as a remedy for asthma, phthisis and other ailments for the respiratory tract; they are also useful in dysentery, chronic bronchitis, hiccough, vomiting of children, skin diseases, psoriasis, fever, to increase appetite and to remove bed humors (Chopra et al., 1965) . Sushruta prescribed the galls in combination with other drugs for the treatment of snake bite and scorpion sting (Anonymous, 1998) . P. integerrima has depressant action on the central nervous system (Ansari et al., 1993) , analgesic and antiinflammatory activities (Ansari et al., 1994a,b; Ansari and Ali, 1996; Ahmad et al., 2010) and hyperuricemia effect (Ahmad et al., 2008) . Monoterpenes (Monaco et al., 1982; Ansari et al., 1994a,b) , triterpenoids (Tabacik-wlotzka et al., 1967; Monaco et al., 1974; Caputo et al., 1979; Ansari et al., 1994a,b) , sterol (Caputo and Mangoni, 1970; Hiroi et al., 1966) , dihydromalvalic acid (Vickery, 1981) and flavonoids (Hiroi et al., 1966; Kalidhar and Sharma, 1985) , have been reported from the different parts of Pistacia species. This paper describes the isolation and characterization of one each of fatty ester, ketoalcohol and triterpenic acid from the galls of P. integerrima.
Extraction and isolation of compounds
The air-dried galls (3 kg) of P. integerrima were coarsely powdered and exhaustively extracted in a Soxhlet apparatus with methanol for 72 h. The methanolic extract was concentrated to obtain a dark viscous mass (350 g). Small portion of the extract was analyzed chemically to determine the presence of different chemical constituents. The viscous dark brown mass was adsorbed on silica gel (60-120 mesh) for column after being dissolved in little quantity of methanol for preparation of slurry. The slurry was air-dried and chromatographed over silica gel column packed in petroleum ether. The column was eluted successively with petroleum ether, mixture of petroleum ether and chloroform (90:10, 75:25, 50:50 and 25:75) , pure chloroform and finally mixture of chloroform and methanol (99.5:0.5, 99:1, 98:2, 95:5) . Various fractions were collected separately and matched by TLC to check homogeneity. Similar fractions (having same R f values) were combined and crystallized. The isolated compounds were recrystallized to get the pure compound(s).The physicochemical and spectral data of the isolated compounds are reported below.
Hydroxydecanyl arachidate (1)
Elution of the column with petroleum ether gave colourless amorphous powder of 1, recrystallized from acetone: methanol (1:1), 3.0 g (0.1% yield); R f : 0.25 (petroleum ether); m.p.: 98-100°C; ½a 30 D : À3.31°(CHCl 3 , 0.1); IR t max (KBr): 3510, 2917, 2849, 1725, 1600, 1470, 1215, 1110 , 725 cm À1 ; 1 H NMR: d 4.00 (1H, d, J = 6.45 Hz, H 2 -1 0 a), 3.96 (1H, d, J = 6.45 Hz, H 2 -1 0 b), 3.57 (1H, m, w½ = 16.1 Hz, H-3 0 b), 2.33 (1H, d, J = 7.23 Hz, H 2 -2a), 2.28 (1H, d, J = 7.29 Hz, H 2 -2b), 2.21 (2H, m, CH 2 ), 1.48 (4H, m, H 2 -2 0 , H 2 -4 0 ), 1.18 (42H, brs, 21 · CH 2 ), 0.83 (3H, t, J = 6.0 Hz, Me-19), 0.78 (3H, t, J = 6.2 Hz, Me-10 0 ); 13 C NMR: d 171.10 (C-1), 64.30 (C-3 0 ), 62.71 (C-1 0 ), 42.71 (CH 2 ), 34.30 (CH 2 ), 32.67 (CH 2 ), 31.82 (CH 2 ), 29.58 (CH 2 ), 29.18 (13 · CH 2 ), 28.56 (3 · CH 2 ), 25.83 (CH 2 ), 24.92 (CH 2 ), 23.80 (CH 2 ), 22.58 (CH 2 ), 14.15 (Me-10 0 ), 13.99(Me-19); EIMS m/z (rel. int.): 468 [M] + (C 30 H 60 O 3 ) (7.5), 439 (12.5), 411 (6.5), 397 (6.6), 383 (6.7), 369 (6.8), 341 (6.9), 327 (7.0), 327 (8.0), 311 (8.5), 267 (14.6), 261 (16.2), 203 (46.2), 173 (100), 157 (30.2), 129 (33.4), 113 (31.6), 111 (35.6), 97 (56.8), 85 (30.1), 83 (55.3), 71 (50.6), 57 (68.9), 43 (89.2).
Hydrolysis of 1: Compound 1 (35 mg) was heated with a mixture of ethanol (5 ml) and 1 N NaOH solution (2 ml) for 1 h on a steam bath. The solvent was evaporated to dryness and the residue dissolved in chloroform to separate alcohol. The residue was re-dissolved in water, acidified with dil. HCl to pH 3 and the solution re-extracted with chloroform. The organic phase was washed with water (2 · 5 ml), dried over anhydrous Na 2 SO 4 and evaporated to get arachidic acid, m.p. 75.5°C, co-TLC comparable.
2.5. n-Octadecan-9,11-diol-7-one (2) Elution of the column with petroleum ether-chloroform (1:3) furnished colourless amorphous powder of 2, recrystallized from chloroform: methanol (1:1), 1.5 g (0.05% yield); R f : 0.69 (benzene); m.p.: 122-124°C; ½a 30 D : +12.1°(CHCl 3 , 0.1); IR t max (KBr): 3480, 3370, 2960, 2845, 1710, 1470, 1345, 1210, 1125 , 725 cm À1 ; 1 H NMR: d 4.05 (1H, m, w½ = 16.5 Hz, H-9), 3.99 (1H, m, w½ = 15.9 Hz, H-11), 2.37 (2H, dd, J = 7.35, 7.41 Hz, H 2 -8), 2.28 (2H, dd, J = 7.44, 7.56 Hz, H 2 -6), 1.57 (4H, m, H 2 -10, H 2 -12), 1.25 (18H, brs, 9 · CH 2 ), 0.89 (3H, t, J = 6.72 Hz, Me-18), 0.85 (3H, t, J = 6.72 Hz, Me-1); 13 C NMR: d 203.12 (C-7), 67.35 (C-9), 64.40 (C-11), 42.83 (C-8), 34.42 (C-10), 31.92 (C-6), 29.68 (6 · CH 2 ), 28.68 (CH 2 ), 25.94 (CH 2 ), 25.03 (CH 2 ), 23.92 (CH 2 ), 22.69 (CH 2 ), 14. 
Pisticialanstenoic acid (4)
Elution of the column with chloroform-methanol (99:1) furnished a white amorphous mass of 4, recrystallized from methanol-diethyl ether (1:0.5), 960 mg (0.032% yield); R f : 0.63 (chloroform: ethyl acetate: methanol, 8.5:1:0.5); m.p.: 140-141°C; ½a 30 D : +3.62°(CHCl 3 , 0.1); UV k max (MeOH): 235 nm (log e 6.3); IR t max (KBr): 3350, 2930, 1710, 1690, 1615, 1465, 1395, 1385, 1210, 1195, 1165, 1130, 1095, 1010, 955 
Results and discussion
Compound 1, named hydroxydecanyl arachidate, was obtained as a colourless amorphous powder from petroleum ether eluents. Its IR spectrum showed characteristic absorption bands for hydroxyl (3510 cm À1 ), ester (1725 cm À1 ) and long aliphatic chain (725 cm À1 ). Its mass displayed a molecular ion peak at m/z 468 consistent to an ester C 30 H 60 O 3 . It had one double bond equivalent due to the ester group. The mass spectrum showed C n H 2n+1 , C n H 2n and C n H 2nÀ1 peaks and the intensities of the fragments decreased with increasing molecular weights. The important ion fragments appeared at m/z 129 [C 2 0 -C 3 0 fission, CH 3 (CH 2 ) 6 CHOH] + , 157 [C 1 0 -O fission, CH 3 (CH 2 ) 6 CHOH(CH 2 ) 2 ] + , 173
[O-CO fission, CH 3 (CH 2 ) 6 CHOH(CH 2 ) 2 O] + and 267 [C 1 -C 2 fission, (CH 2 ) 18 CH 3 ] + supported the location of the hydroxyl group at C-3 0 of a decanyl alcohol moiety. The 1 H NMR spectrum of 1 displayed two one-proton doublets at d 4.00 (J = 6.45 Hz) and 3.96 (J = 6.45 Hz) assigned to C-1 0 oxygenated methylene protons. A one-proton broad multiplet at d 3.57 (w½ = 16.1 Hz) was accounted to C-3 0 b carbinol proton. Two doublets at d 2.33 (J = 7.23 Hz) and 2.28 (J = 7.29 Hz), integrated for one protons each, were associated with C-2 methylene protons adjacent to the ester group. The C-19 and C-10 0 primary protons appeared as three-proton triplets at d 0.83 (J = 6.0 Hz) and 0.78 (J = 6.2 Hz), respectively. The remaining methylene protons resonated at d 2.21 (2H), 1.48 (4H) and 1.18 (42H). The 13 C NMR spectrum of 1 exhibited important signals for ester carbon at d 171.10 (C-1), oxygenated methylene carbon at d 62.71 (C-1 0 ), carbinol carbon at d 64.30 (C-3 0 ) and methyl carbons at d 14.15 (C-10 0 ) and 13.99 (C-19) . The absence of any signal beyond d 4.00 in the 1 H NMR spectrum and in the range d 171.10-64.30 in the 13 C NMR spectrum suggested the saturated nature of the compound. Alkaline hydrolysis of 1 yielded arachidic acid. These evidences led to formulate the structure of 1 as n-decan-3 0 -olyl-n-eicosanoate. This is a new aliphatic ester. Compound 2 was obtained as a colourless amorphous powder from the petroleum ether-chloroform (1:3) eluents. It yielded 2,4-DNP and acetyl derivatives and showed characteristic IR absorption bands for hydroxyl (3480, 3370 cm À1 ) and keto (1710 cm À1 ) groups and aliphatic long chain (725 cm À1 ). Its mass spectrum displayed a molecular ion peak at m/z 300 corresponding to a dihydroxy aliphatic ketone C 18 H 36 O 3 . It indicated one double bond equivalent due to the keto group. The important ion peaks at m/z 129 [C 10 -C 11 fission] + , 171 [M-129] + ,173, 127 [C 8 -C 9 fission] + and 187 [C 7 -C 8 fission] + suggested the existence of the hydroxyl groups at C-9 and C-11 and the carbonyl group at the C-7. The 1 H NMR spectrum of 2 exhibited a two-proton multiplet at d 4.05 assigned to carbinol H-9 and H-11. Two two-proton double doublets at d 2.37 (J = 7.35, 7.41 Hz) and 2.28 (J = 7.44, 7.56 Hz) were ascribed to methylene C-8 and C-6 protons adjacent to the carbonyl group. A four-proton multiplet at d 1.57 and a 18proton broad signal at d 1.25 were accounted to the methylene protons. Two three-proton triplets at d 0.89 (J = 6 Hz) and 0.85 (J = 6.72 Hz) were associated with C-18 and C-1 terminal primary methyl protons, respectively. The 13 C NMR spectrum of 2 showed characteristic signals for carbonyl carbon at d 203.12 (C-7), carbinol carbons at d 67.35 (C-9) and 64.40 (C-11) and methyl carbons at d 13.9 (C-1) and 14.11 (C-18). Absence of any proton signal beyond d 4.05 in the 1 H NMR spectrum and between d 203.12-67.35 in the 13 C NMR spectrum supported the saturated nature of the compound. On the basis of these informations, the structure of 2 has been established as n-octadecan-9,11-diol-7-one. This is unreported aliphatic alcohol in nature. The structure of the known compound 3, obtained from chloroform eluents, has been characterized as stigmata-5-en-3b-ol (bsitosterol) (Chung et al., 2005) , on the basis of spectral data analysis.
HO 3
Compound 4, named pisticialanstenoic acid, was obtained as a white amorphous mass from chloroform-methanol (99:1) eluents. It gave positive Liebermann-Buchardt and Zimmermann tests for 3-keto triterpenoids (Ali, 2001) -20; 126.3, C-22) in the side chain (Ali, 2001) . The 13 C NMR spectrum of 4 showed the presence of 30 carbon atoms and the important signals appeared for carboxylic carbon at 
Conclusion
The present work characterized several chemical compounds from the galls of P. integerrima. The existing knowledge regarding its phytoconstituents may be increased by the present phytochemical investigation which is useful as this drug is used in the traditional Indian system of medicine.
